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In connection with the accident investigation of the space shuttle Columbia, an analysis 
methodology utilizing well established microscopic and spectroscopic techniques was 
implemented for evaluating the environment to which the exterior fused silica glass was exposed. 
Through the implementation of optical microscopy, scanning electron microscopy, energy 
dispersive spectroscopy, transmission electron microscopy, and electron diffraction, details 
emerged regarding the manner in which a charred metallic deposited layer formed on top of the 
exposed glass. Due to nature of the substrate and the materials deposited, the methodology 
proved to allow for a more detailed analysis of the vehicle breakup. By contrast, similar 
analytical methodologies on metallic substrates have proven to be challenging due to strong 
potential for error resulting from substrate contamination. This information proved to be valuable 
to not only those involved in investigating the break up of Columbia, but also provides a potential 
guide for investigating future high altitude and high energy accidents. 
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Background 

• in co nneOon *dh tie acodent invest gaaon of the space shuttle Columtm an 
analysis methodology tea tmpiemcnaed for evaluating tie efwronment lo wtach 

fie edenor fused sitca cockpt glass was exposed 

• Usng w e t os tob tsh ed rreooscopK and spectoscopK technques details 
emerged reganftng tie manner in xrfach a charred metaec deposited layer 

tamed on top of toe exposed glass 

• Dueto tie natae of toe subsrale and toe materials deposited tie 
methodology proved to aflow for a defied analysis of tie vefacle br ea k u p 

• By contest s*m 


Scanning Electron Microscopy (SEM) 


■ Analyss corinued al rtgfier magrefl ea ton m order to tatoer characterize toe 



proHemabc due lo 

- Error resuftng tom substrate contammaaon in tie 
form of carbon (tffusion at elevated temperalures [1 21 

- Cartwn JfTUswn tom material deposrted on metaibc 
subsidies depleting the coatng of base materials and 
comprorrvsmg tie bond stengtn [1J 

• Stuctes on thermal plasma spray coaangs have used a 
se nlar methodology to characters the morphology of the 
deposited metals [3 4] 

• SpectoscopK techniques w the senvconductor ndustry 
requres calbrated sputter depth systems to ascerfn 
layer ^formation which is only vatd when layers are 
homogeneous and of uniform tvefcness [5] 

• The foAowmg methodology of analyzing molten deposits on a orbiter vefxcJe 
Columtm glass substate provides a poteniai gude for nvestgatng future high 
afttude and fagh energy acoderts 


Optical Microscopy (OM) 

• Ortxler veftefe Columtm window fragments 
were removed tom thet correspond ng frames 
for nvestgaten Samples were caretafy 
detached whde meaarfousfy documentng 
fragnert locator and onerf ton with respect to 
tie orbiter (Rg. 2\ 



- The potshed cross secftonusedtaOM was coaled wdh Pt ta a 
Rtkps XL 40 Reid Ettsswi Gin *F EG) elector mcroscope 


• The mapnty of porosty observed was confined to tie 
corresponding to final layers deposrted 

- Spherical globules were cfespersed throughout tie nad- sector of tie 


d ffer e n ces n r e ft & OMty Energy ckspersrve spectoscopy 
ofataranum ttareum and s*con atto rn the toyer 



Transmission Electron Microscopy (TEM) 


of tie char ayer relative to pcssto 
break-up THU analysis was earned out 
Kf ion beam (RB) irft-oul metood 



per f omnad on menor and extenor surfaces to 
d e t er m m e the presence of any macro- scale 


appearance based on iocaeon<Rg 3) 



TEM was equipped with seaming tansrrcssion eecton rnwroscopy (STEM \ 
l»gh angle amuiar dark Held spactoscopy iKAACFk and EDS 


1 


% 


usmg standard metaiograptac techniques and 

evaluated wa OM 

• a layer of deposited material denoted as the 
char layer found on tie window fragments 
proved to have sigreAcani i nf ormaton 

^ or * The char layers examined were characterized 

J *~» ****» ^ f qciw iws based on mean ta cl ane s s and depost 
c*w %4 s* • s a attrfxAes (iod5 inctoaons. etc ) 

• The retotve reflect vity of the char layer 
variegated through the layers cross- 


compositon andta morphology of each 
wei iRg 4) 


ctffered The char layer omenswns more 
dosefy resembled a tick coeing rather 
•ant Van Mm. on a glass substate 





RB UTouT procedure whereby tie wn bee"' c 

re^onol nterest(F>g 7) An n-srtu neede wes spot we*dedio:hes 
usng Pt toe sample was then Iberatadtrom assunourxtng matena 


• Foaowmg sample release a catch sfcgpty arger than tie TEM sampt 
was c re at e d an tie mner e ta me ter of % TEM copper gnd The n-sau 
needte was low e r ed and careAJy inserted >rto the cttch Vie sample m 
spot wel de d to the Cu <p*l and the needte tp was rem ov ed by tie ton 
beam 

• FIB tanning was perf o rmed urf tie trial ta ck ne ss of tie sa mple wa 
less than 1000 A Attfas juncture TEM nvestgaton was able Id 


upon the foaowmg morphotogcai feaUes 


with . arymg length s 
and had a more densely p 
tie gams derated m other regons (Fig 8> 

Phases dentted r regnns further away from the 
substrate interface weraaarkedty more faceted 
and elongated ti sructato 

• AddAonaty each crystal was charadenzed through 
chemical analysis vw EDS and crysttl stucture *a 
selected area elector drffradion < SAED i 



Powder X-Ray Diffraction (XRD) 

• Powder XRO (MM was generated used to basel^l 


Thes 


a PhAps XED powder X-Ray dflractomeler 

same wndovas toe TEM 
» A dear p h a s e a 

•as resttdatf only to tie char layer ^ 



Conclusions & Future Work 

• A metiodoiogy of analyzing depost 
Cctumcxa windows was employed to 



pvanuatve xrf orty Ip tiose mvofvad m t 

j lo subsequent foflow-an wodt Ana vs. s consisted of 
OM SEM EDS RB TEM and XRD techniques uMz^: to characterize 
The RB tft-out method p rove d id re oenefloai «n 

t of re char «r.~ 


• The observatons made from TEM a 

n a otasma ervronment 


» provided insight nk> tie behavior of tie mef ten 


ana gpass substate 


u f*gi vekxtfy lemperalxe re-entv a 
> i tie Cctumtxa was ra v e t n g a 
3t an tMude of over 200 000 fl and e^ienencng t 
of 72KTT JBJ) 

• The myriad observaaons made on a tack »y«r of char atop an 
nnocuous fragment of glass aftch survived Via Cotomcxe tagady only 
serves to rvgiagit the weaMi of irtarmaton t«f las xatwi her debns 
The natura of tie modem and auPa e qu ar t b r e al a p alow boti e ngn e er s 

and so r rA iti to gean much ne e d e d i r rf n rmBton. to team how to not arty 


af carek 
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